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Clinical experience indicates that there is a great variation in the
response of tumors to x-ray and radium. The reasons for this
variation are not well understood. Numerous investigators have
studied the effect of x-ray and radium on spontaneous and trans-
plantable tumors. Attention has been directed chiefly to the effect
of radiation upon the tumor cells rather than upon the stroma or
the reaction of the host. Cramer',2 was one of the first to note that
radiosensitive tumors developed a different type of stroma than did
the radioresistant tumors. He stated, "The radiation of a neoplasm
damages both the tumor cells and the tumor bed and regression of
a tumor is brought about by a combination of these two effects and
the process of repair following upon the damage to the tumor cells
and their bed." In the radiosensitive group of tumors he found that
there was an early, massive invasion of macrophages which later
elongated, assuming the appearance of fibroblasts. In about a
week's time this massive stroma reaction split the tumor into small
cell groups followed by a rapid regression of the tumor. In the
radioresistant group the reaction was either entirely absent or only
feebly developed, and any regression that followed was slow and
incomplete. Cramer worked with autoplasts from. spontaneoQ
breast carcinoma in stock strains of mice. In the present experi-
ments inbred strains of mice were used in the hope that a consistent
response could be obtained in order that the factors modifying,this
response could be studied.
These experiments were designed to study the host reaction to a
transplantable mouse tumor in tumor-resistant and tumor-susceptible
strains of mice. The mice used were the A albino strain and an F2
hybrid cross between the C57 Black and A strains. The A albino
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strain has a high incidence of spontaneous mammary carcinoma.
The C57 has a low incidence of spontaneous mammary carcinoma.
The tumor was a mammary carcinoma induced by theelin in a
strain-A albino mouse by Gardner.
Methods and results
Transplants of the tumor were made by injecting .02 cc. of a
saline emulsion of healthy tumor tissue into the dorsum of the
animals' thighs. They grew in 100 per cent of the inoculations in
both strains of mice. When the tumors had attained a size of 4
to 5 mm. in diameter (usually in 7 days after inoculation), the mice
were anesthetized with seconal and irradiated in pairs. Two doses
of x-ray were used, 2500 r and 5000 r. The radiation factors were
TABLE 1
CONTROL MICE
Strain A Hybrid
Total .......................... 91 .129
Deadwith tumor . . 100%.......................... .72%o
Regressions .......................... . .28 %o
Average length of life ...................... 31 days. 47 days
Autopsies .......................... 58 . . 55
Metastases ........................... . 2%
REGRESSIONS-HYBRID MICE
Total . 28% (36 mice)
Days after inoculation to regress tumor completely .13-69
61% completely regressed 15-30 days after inoculation.
90 kv., 4 m.a., 23.5 cm. distance, no filtration, size of port, 2 cm.
cone. The output was 149 r per minute.
Groups of mice from both strains were irradiated with either of
the above doses and allowed to live for study of the curability of the
tumor. Proof of cure was defined as "living four months after irra-
diation without gross or microscopic evidence of recurrent tumor."
The mice are said to have died with tumor if at the time of death
a growing tumor was present either grossly or microscopically.
Other groups of mice from each strain were irradiated in a similar
manner. After irradiation, 5 animals from each group were sacri-
ficed daily for the first 7 days, on the 10th day, and weekly from 2
to 10 weeks inclusive. There were two control groups from each
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strain. One was for determining the length of life and growth
characteristics of the tumor, the other for histological study.
All of the strain-A control mice and 72 per cent of the hybrid
controls died with tumor (Table 1). Twenty-eight per cent of
the hybrid mice exhibited a spontaneous regression of their tumors
in from 13 to 69 days after inoculation. The average length of
life of the hybrids was 16 days longer than that of the strain-A mice.
The results with the treated mice are shown in Table 2. One
per cent of strain-A mice treated with 2500 r was cured and 99 per
cent died with the tumor. This is in sharp contrast to the hybrid
mice where 82 per cent of those treated with 2500 r were cured and
only 18 per cent died with tumor. In the 5000 r group, 48 per cent
of the A mice were cured and 52 per cent died with tumor, whereas
97 per cent of the hybrid mice treated with this dosage were cured.
TABLE 2
TREATED MICE
2500 r 5000 r
Strain A Hybrid Strain A Hybrid
Total treated mice .................................... 90 100 96 102
tead of other causes and excluded from
the experiments* .7 2 15 11
Total mice included in the experiment 83 98 81 91
Cured .1% 82%o 48%o 97%o
Dead with tumor .99% 18%o 52%o 3%ot
Metastases .18o 0 5%o 0
* This group consists of mice which died shortly after radiation, probably from
the effects of x-ray, of those dying of an intercurrent infection, and of those which
died without tumor but too early to be considered cured.
t Two of these three mice were probably not satisfactorily irradiated, inasmuch
as they never developed epilation of the skin.
In other words, essentially 100 per cent of these animals were cured
with this dose of x-ray. The difference in the rate of metastases in
the treated and control animals is probably explained by the fact
that in the treated animals growing tumor was present for a longer
period, thus affording sufficient time and a better opportunity for
metastases.
The growth rates of the tumor in both control groups and in
the strain-A-2500 r group were analyzed statistically, using theYALE JOURNAL OF BIOLOGY AND MEDICINE
method of covariance as described by Snedecor.4 Early in the
experiments the tumors were measured in two diameters on the day
of radiation and weekly thereafter. Later this was changed to a
three-dimensional measurement on the 2nd, 4th, 7th, 10th, and 14th
days and weekly thereafter. In the strain-A-2500 r group there
was a post-irradiation period, varying from 2 to 49 days, with an
average of 18 days, when the growth of the tumor was inhibited.
Duringthis period some of the tumors were not palpable, and others
were palpable but not measurable. Some of the tumors simply
decreased in size for a few days before starting to grow again. In
the analysis, the growth rate of the tumors in this group was studied
from the point when the tumor started to regrow to the time of the
animal's death.
The average daily rate of growth of the tumors in the strain-A
control group was 12 per cent of the original size of the tumors.
In the F2 mice it was 6.7 per cent. The difference is statistically a
highly significant figure. The growth rate of the tumors in the
strain-A-2500 r group was 8 per cent, which, when compared to
the strain-A control group, is also found to be highly significant.
Histology. The control tumor had essentially the same micro-
scopic appearance in both strains (Fig. 1). It was a well-vascular-
ized carcinoma with many mitoses and considerable variability in
the size, shape, and staining properties of the cells. It became cystic
and necrotic, and ulcerated through the skin. The differences were
that in the hybrid mice there was a slightly thicker wall of fibrous
tissue around the tumor than in the A mice, and in this fibrous tissue
there were more polymorphonuclear leukocytes in the hybrid than
in the A mice: In some sections of spontaneously regressing tumors
there was a thick wall of fibrous tissue around masses of tumor cells.
In other sections strands of dense fibrous tissue divided the tumor
into cords and small groups of cells.
One day after irradiation the tumors from the A mice were sur-
rounded by a thin wall of fibrous tissue stroma and the tumor cells
wereslightlybroken up bystrands offibers. In the adjacent tissues,
particularly in the subcutaneous level, there were many proliferating
large spindle cells which we believe form the stroma. These cells
were thinner and more elongated near the tumors than at some dis-
tance from them. Polymorphonuclear leukocytes were numerous.
The response was similar in the hybrid mice on this day, but the
peripheral stroma was thicker and had penetrated the tumor to a
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greater extent. There was also a more marked exudation of poly-
morphonuclear leukocytes so that many of the tumors after 5000 r
were composed of masses of these cells with only a few strands of
tumor cells around the periphery.
In the second-day sections the stroma had increased in amount
and in the strain-A tumors treated with 2500 r had penetrated into
the nodules separating off bulky masses of cells (Fig. 2). The
stroma appeared to have progressed slowly and matured rapidly so
that a definite line of demarcation could be seen between bulky
masses of cells enshrouded in dense stroma and the sheets of tumor
cells supported by delicate vascular connective tissue. In com-
parison, after 5000 r the tumors in the A mice were broken up more
extensively, but bulky masses of cells still remained (Fig. 3). The
result in the hybrid mice offered a sharp contrast to that in the A
mice (Fig. 4). A thick wall of fibrous tissue around the tumor
cells was present, but, in addition, the stroma had permeated
throughout the tumor dividing it up into cords and strands of cells.
Its appearance was similar to a spontaneously regressing tumor in
the hybrid mice (Fig. 5).
On the third day the difference in the stroma response between
the strain A and the hybrid animal was more pronounced. With
2500 r in strain A mice the first sign of renewal of growth could be
seen. This consisted of growing tumor cells which had broken
through the peripheral wall of fibrous tissue. Masson stains of
tumors from A and hybrid mice treated with 5000 r revealed that
the stroma from the A-strain mice was more hyalinized than that
from the hybrid mice. They also show that tiny capillaries were
now beginning to grow into the stroma from surrounding blood
vessels.
The appearance of the tumor did not change appreciably during
the fourth day. On the fifth day most of the sections of tumors
from A mice, treated with 2500 r showed areas of renewed growth,
although other portions of the same tumors remained well broken
up by the stroma. There was a further developed stroma in the
A-strain tumors treated With 5000 r. Many of the tumors in the
hybrid mice consisted only of fibrous nodules in which occasional
strands and clumps of tumor cells were imbedded.
From this point on to theend oftheten-week period the A-strain
tumors irradiated with 2500 r steadily increased in size, and the
new growth soon displaced all evidence of the increased stromaYALE JOURNAL OF BIOLOGY AND MEDICINE
present immediately after irradiation. In those treated with 5000 r
the first regrowing tumor was seen at ten days, and at three and four
weeks all of the sections in which tumor nodules were present
showed regrowing tumor. From five days to three weeks after
irradiation the sections frequently presented well-hyalinized tumor
nodules containing strands of tumor cells which stained poorly and
which showed minimal or no mitotic activity. There were, how-
ever, other fibrous nodules without tumor cells and still other sec-
tions with no nodules whatever.
In the hybrid mice from five days on the usual picture was a
well-vascularized, cellular nodule which rarely became hyalinized
as long as any tumor cells were present. These nodules rapidly
disappeared so that after four weeks had elapsed, except for the
occasional growing tumors seen in the 2500 r group, there were no
fibrous nodules in any of the remaining sections. This was also
true of the tumors of the A-strain mice which had regressed after
irradiation with 5000 r.
Discussion
These experiments demonstrate that by using an inbred strain of
mice and a tumor which has arisen in this strain a fairly uniform
response to radiation is obtained. A characteristic heavy infiltrating
stroma is observed following radiation in the hybrid mice and the
tumorisnowmoreeasilydestroyed (moreradiosensitive). However,
the growth of this tumor in the control hybrid mice is also different.
Thereis a higherpercentage ofspontaneous regressions (28 percent)
and the growth rate of the tumor is slightly slower. Furthermore,
there is a striking similarity between the histological appearance of
the spontaneously regressing tumor in the hybrid mice and the
appearance of this same tumor which has regressed following radia-
tion. These experiments also indicate a correlation between the
degree of fibrous tissue stroma response and the response to radia-
tion therapy.
The above observations suggest that with the same tumor the
animal or host in which it grows is important in determining the
response of the tumor to radiation. These host factors influencing
the normal growth of the tumor are indicated by the 28 per cent
spontaneous regressions in the control group of hybrid mice.
Furthermore, the remaining 72 per cent of the tumors in the hybrid
controls grew more slowly than in the strain-A controls and histo-
logically showed a slightly thicker layer of peripheral fibrous tissue
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with a heavier leukocytic infiltration. These tumors were more
readily destroyed by irradiation, and they developed the character-
istic heavy fibrous tissue stroma. This suggests that resistant host
factors are operative in the hybrid mice and that one of the effects
of x-ray is to augment this natural resistance.
Summ4ry
1. X-ray irradiation of a transplantable mammary carcinoma
in A-strain mice showed a 1 per cent cure with 2500 r and a 48
per cent cure with 5000 r. Similar irradiation of the same tumor
in hybrid mice showed 82 per cent and 97 per cent cures respectively.
2. The tumors which responded best to x-ray therapy developed
a characteristic stroma.
3. This stroma was seldom found in the A strain of mice when
a mammary carcinoma arising in this strain was transplanted to
other animals of the same strain and irradiated.
4. The characteristic stroma was found when the A-strain tumor
was transplanted to an F2 hybrid and irradiated.
5. Small doses ofx-raywere more effective in the animals which
developed this characteristic stroma than in those animals which
did not.
6. The stroma is similar to that seen in animals with naturally
regressing tumor.
7. These experiments indicate that the host is an important
factor in determining the response to irradiation and suggest that
one of the effects of irradiation may be to augment the natural
resistance of the host.
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FIG. 1. Non-irradiated tumor. X 45.FIG. 2. Tumor in strain-A mice two days after 2500 r. X 45.
FiG. 4. Tumor in hybrid mice two days after 2500 r. X 45.FIG. 3. Tumor in strain-A mice two days after 5000 r. X 45.
F!iG. 5. Non-irradiated, spontaneously regressing tumor in hybrid mice. X 45.